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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high quality display image by utilizing incident light 
from surrounding. 

SOLUTION: A display device contains an array substrate, an opposed substrate, a liquid 
crystal layer which is placed in between these substrates and divided into more than one of 
pixel areas Px that are independently controlled their arrangement of liquid crystal molecules 
from these substrates, and a reflection plate 77 formed on the array substrate in order to 
scatter the incident light through the opposed substrate and liquid crystal layer. These pixel 
areas Px, in particular, is approximately matrix shape and the reflection plate 77 contains 
more than one kinds of projecting and recessing patterns that are combined not to adjoin 
the same patterns in at least one direction of the column or the row of these pixel areas Px. 
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NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st and 2nd electrode substrate and the liquid crystal layer classified into two or more 
pixel fields by which it is pinched between said 1st and 2nd electrode substrates, and liquid crystal 
molecular arrangement is respectively controlled from said 1st and 2nd electrode substrate, It has the 
reflecting plate formed in said 1st electrode substrate in order to scatter the light which carries out 
incidence through said 2nd electrode substrate and said liquid crystal layer. Said two or more pixel fields 
are liquid crystal displays characterized by being an abbreviation matrix-like and said reflecting plate 
containing two or more sorts of concavo-convex patterns together put so that a concavo-convex 
pattern of the same kind may not adjoin in either [ at least ] the line of two or more of said pixel fields, 
or the direction of a train. 

[Claim 2] Said reflecting plate is a liquid crystal display according to claim 1 characterized by including 
the light transmission section for making light penetrate. 

[Claim 3] Each concavo-convex pattern is a liquid crystal display according to claim 1 or 2 
characterized by being constituted by two or more main dispersion sections arranged at random and the 
subdispersion section arranged so that said two or more main dispersion sections may be surrounded. 
[Claim 4] The liquid crystal display according to claim 3 characterized by for said main dispersion 
section being either heights or a crevice, and said subdispersion section being another side of said 
heights and said crevice. 

[Claim 5] Said reflecting plate is a liquid crystal display according to claim 3 with which it is constituted 
with two or more pixel electrodes formed in said 1st electrode substrate corresponding to said two or 
more pixel fields, and each concavo-convex pattern is characterized by being formed in at least one to 
which it corresponds of said two or more pixel electrodes. 

[Claim 6] Each concavo-convex pattern is a liquid crystal display according to claim 5 characterized by 
what is prescribed by the configuration of the organic compound insulator formed as a substrate of a 
correspondence pixel electrode. 

[Claim 7] The liquid crystal display according to claim 1 or 2 characterized by said thing [ being arranged 
so that two or more combination of the concavo-convex pattern of a seed may be repeated in said two 
or more pixel fields ]. 

[Claim 8] It is the liquid crystal display according to claim 3 which is assigned to said pixel field of the 
foreground color from which the concavo-convex pattern of a seed differs mutually, respectively, and is 
characterized by the average pitch of the main dispersion section of each concavo-convex pattern 
being [ two or more ] dependent on the wavelength of the foreground color of a correspondence pixel 
field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the liquid crystal display which displays an image using 
the internal light source like a back light from a perimeter in addition to the external light source like the 
outdoor daylight which carries out incidence, or this external light source. 
[0002] 

[Description of the Prior Art] In recent years, the liquid crystal display is applied to a personal computer, 
television, a word processor, and various devices like a cellular phone. While the application range of a 
liquid crystal display spreads in this way, the requests of advanced features, such as small, power saving, 
and low cost, are also mounting. As a display for applications which are used regardless of the outdoors 
like especially a cellular phone, and indoor, the demand having the description of a reflective mold liquid 
crystal display and a transparency mold liquid crystal display of development of a transflective LCD has 
been increasing. 

[0003] A transflective LCD can also display an image by it not only displaying an image, but reflecting 
outdoor daylight with a reflecting plate in an outdoor environment with much outdoor daylight which 
carries out incidence from a perimeter like a reflective mold liquid crystal display, and carrying out an 
optical modulation in a liquid crystal layer by carrying out the optical modulation of the transmitted light 
from a back light in a liquid crystal layer by indoor environment with little outdoor daylight which carries 
out incidence from a perimeter like a transparency mold liquid crystal display. In reflecting outdoor 
daylight with a reflecting plate in a reflective mold or transflective type liquid crystal equipment, it 
becomes important in order that not attenuating optical reinforcement of outdoor daylight as much as 
possible may display a bright image. Since especially the reflection property of a reflecting plate 
influences attenuation of optical reinforcement greatly, the optimization for obtaining the reflection 
property which reflects efficiently the outdoor daylight which carries out incidence at all include angles 
is tried. 

[0004] Drawing 17 shows the concavo-convex pattern formed in each of two or more pixel electrodes 
used as a reflecting plate in the conventional reflective mold liquid crystal display. This concavo-convex 
pattern controls dispersion of the reflected light including the crevice arranged so that two or more 
hemispherical heights arranged irregularly in the electrode surface and these circular heights may be 
surrounded to centralize the reflected light on the field of the fixed range, or to raise reflected light 
reinforcement to the specific observation direction. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when it stands in a line as the concavo-convex 
pattern of a single kind shows drawing 17 , and formed in each of two or more pixel electrodes, a quality 
display image cannot be obtained. That is, since interference of the light scattered about by the 
concavo-convex pattern of these pixel electrode becomes regular as a whole, an image becomes hard to 
see by this interference. Moreover, since the liquid crystal ingredient of a liquid crystal layer has the 
wavelength dependency of a refractive index, even if white outdoor daylight carries out incidence to the 
concavo-convex pattern of a pixel electrode from an one direction through a liquid crystal layer, it 
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♦brings a result scattered about in the different direction for every wavelength. Therefore, the color of an 
image will change with an observers viewing angles over the screen. Especially, in the liquid crystal 
display for color displays, this will become a color blot and will degrade the quality of a display image 
remarkably. 

[0006] This invention is made in view of such fault, and aims at offering the liquid crystal display which 
can obtain a more nearly quality display image using the outdoor daylight which carries out incidence 
from a perimeter. [0007] 

[Means for Solving the Problem] The liquid crystal layer which is classified into two or more pixel fields 
by which it is pinched between the 1st and 2nd electrode substrate and the 1st and 2nd electrode 
substrate, and liquid crystal molecular arrangement is respectively controlled from said 1st and 2nd 
electrode substrate according to this invention, It has the reflecting plate formed in the 1st electrode 
substrate in order to scatter the light which carries out incidence through the 2nd electrode substrate 
and said liquid crystal layer. Two or more pixel fields are abbreviation matrices-like, and the liquid 
crystal display containing two or more sorts of concavo-convex patterns together put so that a 
concavo-convex pattern with a reflecting plate of the same kind may not adjoin in either [ at least ] the 
line of two or more of said pixel fields or the direction of a train is offered. 

[0008] In this liquid crystal display, the reflecting plate contains two or more sorts of concavo-convex 
patterns together put so that a concavo-convex pattern of the same kind may not adjoin. That is, since 
the concavo-convex patterns which adjoin in either [ at least ] the line of two or more pixel fields or the 
direction of a train differ mutually, interference of the light scattered about by these irregularity pattern 
can be made irregular as a whole. Therefore, it can reduce hard to see [ of the image by interference of 
light ], without spoiling good contrast at the time of a reflective display. 
[0009] 

[Embodiment of the Invention] Hereafter, the reflective mold liquid crystal display concerning the 1st 
operation gestalt of this invention is explained with reference to an accompanying drawing. 
[0010] Drawing 1 shows the partial planar structure of this reflective mold liquid crystal display, and 
drawing 2 shows the cross-section structure near [ which is shown in drawing 1 ] a pixel. This liquid 
crystal display is equipped with the liquid crystal layer 85 pinched between the array substrate 78, the 
opposite substrate 82, these substrates 78, and 82 as shown in drawing 2 . 

[001 1] two or more scanning lines 62 with which the array substrate 78 is arranged along with the line of 
an insulating substrate 60, two or more pixel electrodes 77 with which it is arranged in the shape of a 
matrix, two or more signal lines 71 arranged in accordance with the train of these pixel electrode 77, and 
these pixel electrode 77 — scanning-line 62 corresponding to each And the wrap orientation film 83 is 
included for the drive circuit which drives two or more thin film transistor (TFT) SW, two or more 
scanning lines 62, and two or more signal lines 71 which are arranged as a switching element for pixels 
near the crossover location of the correspondence signal line 71, and two or more pixel electrodes 77. 
The opposite substrate 82 has [ the insulating substrate 79 of light transmission nature, the coloring 
layer 80 formed on an insulating substrate 79 as the red who counters the pixel electrode 77 of a 
correspondence train respectively, and ranks with a line writing direction in order, green, and a blue 
stripe-like color filter, and the coloring layer 80 ] the wrap orientation film 84 for the wrap transparence 
counterelectrode 81 and this counterelectrode 81. Moreover, a polarizing plate 40 is stuck on the 
transparence insulating substrate 79 in the opposite side in the coloring layer 80. With this reflective 
mold liquid crystal display, the liquid crystal layer 85 is divided to two or more pixel fields PX 
respectively corresponding to two or more pixel electrodes 77, and each pixel field PX is mostly 
specified between the two contiguity scanning lines 62 and two contiguity signal lines 71. Each thin film 
transistor SW answers the scan pulse supplied from the correspondence scanning line 62, flows, and 
supplies the potential of the correspondence signal line 71 to the correspondence pixel electrode 77. 
Each pixel electrode 77 is impressed to the correspondence pixel field PX of the liquid crystal layer 85 
by making potential of the correspondence signal line 71 into pixel potential, and controls the 
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.permeability of the pixel field PX based on the potential difference of this pixel potential and the 
potential of a counterelectrode 81. The drive circuit of the scanning line 62 and a signal line 71 is 
constituted by two or more thin film transistors formed like the switching element for pixels, and these 
wiring. These thin film transistors contain a P channel mold and an N channel mold. 

[0012] In the array substrate 78, each thin film transistor SW has the semi-conductor layer 67, the gate 
electrode 64 which is insulated and formed above this semi-conductor layer 67, and is connected to the 
correspondence scanning line 62, and the source and the drain electrodes 66 and 65 which contact the 
semi-conductor layer 67 through contact holes 69 and 70 in the both sides of the gate electrode 64, 
and are connected to the correspondence pixel electrode 77 and the correspondence signal line 71, 
respectively. The semi-conductor layer 67 is formed on an insulating substrate 60, and is covered by 
gate dielectric film 61 together with an insulating substrate 60. It insulates from the semi-conductor 
layer 67 with this gate dielectric film 61, and the gate electrode 64 is formed in one with the 
correspondence scanning line 62 on this gate dielectric film 61. It is formed on gate dielectric film 61 so 
that further two or more auxiliary capacity lines 63 may carry out capacity coupling to the pixel 
electrode 77 of a multi-line, respectively. The gate electrode 64, the scanning line 62, and the auxiliary 
capacity line 63 are covered with an interlayer insulation film 68 together with gate dielectric film 61. 
Contact holes 69 and 70 are formed in an interlayer insulation film 68 and gate dielectric film 61 so that 
source 67b and drain 67a which are formed in the semi-conductor layer 67 in the both sides of the gate 
electrode 64 may be exposed. The source and the drain electrodes 66 and 65 contact source 67b and 
drain 67a of the semi-conductor layer 67 in these contact holes 69 and 70, respectively, and are formed 
on an interlayer insulation film 68. The source electrode 66 is formed on an interlayer insulation film 68 
in [ as the extended source electrode 72 ] one, and the drain electrode 65 is formed in one with the 
correspondence signal line 71 on an interlayer insulation film 68. The source electrode 66, the extended 
source electrode 72, the drain electrode 65, and a signal line 71 are covered with the protection 
insulator layer 73 together with an interlayer insulation film 68. This protection insulator layer 73 has the 
contact hole 74 which exposes the extended source electrode 72 partially, and is covered with an 
organic compound insulator 76. An organic compound insulator 76 has the contact hole 75 which 
exposes the extended source electrode 72 partially corresponding to the contact hole 74 of the 
protection insulator layer 73. The pixel electrode 77 contacts the extended source electrode 72 in 
contact holes 74 and 75, is formed on an organic compound insulator 76, and is covered with the 
orientation film 83. 

[0013] Two or more pixel electrodes 77 are metal layers which function also as a reflecting plate over 
which the light which carries out incidence through the liquid crystal layer 85 from the opposite 
substrate 82 side is scattered with a high reflection factor, and are formed considering the up front face 
of an organic compound insulator 76 as a substrate. An organic compound insulator 76 has two or more 
concavo-convex patterns which consist of crevice 76b arranged so that two or more hemispherical 
heights 76a respectively arranged at random in the range of the pixel field PX and these heights 76a 
may be surrounded. Two or more pixel electrodes 77 are formed by predetermined thickness along with 
the concavo-convex pattern of an organic compound insulator 76 including silver, aluminum, or a 
metallic material like these alloys. For this reason, it has the concavo-convex pattern which consists of 
crevice 77b prescribed to surround two or more hemispherical heights 77a prescribed that each pixel 
electrode 77 is arranged at random in the range of the correspondence pixel field PX by two or more 
hemispherical heights 76a of an organic compound insulator 76, and these heights 77a, and to be 
arranged by crevice 76b of an organic compound insulator. The concavo-convex pattern of two or more 
pixel electrodes 77 is two kinds shown in drawing 3 by A and B, and it is arranged so that a concavo- 
convex pattern of the same kind may not adjoin in the line and the direction of a train of these pixel 
electrode 77. In the concavo-convex pattern of each pixel electrode, two or more heights 77a 
constitutes the main dispersion section to incident light, and crevice 77b constitutes the subdispersion 
section to incident light. 



-5- 



.[0014] Next, the production process of the reflective mold liquid crystal display mentioned above is 
explained. 

[0015] In manufacture of the array substrate 78, after using a high strain point glass plate, a quartz plate, 
etc. as an insulating substrate 60, and the semi-conductor layer's 67 depositing an amorphous silicon on 
an insulating substrate 60 by the thickness of about 50nm with a CVD method etc. and performing 
furnace annealing at 450 degrees C for 1 hour, by irradiating XeCI excimer laser, an amorphous silicon is 
crystalized as polycrystalline silicon film, and it is formed by carrying out patterning of this 
polycrystalline silicon film by the photo etching method further. Then, it is formed when gate dielectric 
film 61 deposits SiOx on the semi-conductor layer 67 and an insulating substrate 60 by the thickness of 
about 100nm with a CVD method. Then, it is formed, when the gate electrode of the gate electrode 64, 
the scanning line 62, the auxiliary capacity line 63, and the other thin film transistors for drive circuits 
and wiring deposit a simple substance, its cascade screen, or alloy film, such as Ta, Cr, aluminum, Mo, W, 
and Cu, by the thickness of about 400nm on gate dielectric film 61 and carry out patterning of this to a 
predetermined configuration by the photo etching method. Then, an impurity like Lynn is doped by the 
semi-conductor layer 67 by an ion implantation and the ion doping method using the gate electrode 64 
as a mask, for example. Here, in the ambient atmosphere of PH3/H2, it is accelerated by acceleration 
voltage 80keV, and phosphorus ion is poured in by high concentration called dose 5x1015 atoms/cm2. 
Then, the source and the drain electrode of the drain electrode 65 of the thin film transistor for pixels, 
the source electrode 66, and the N channel thin film transistor for drive circuits are formed. 
[0016] Then, it is covered by the resist so that an impurity may not be injected into thin film transistor 
SW for pixels, and the N channel thin film transistor for drive circuits, for example, an impurity like boron 
is doped considering the gate electrode of the P channel thin film transistor for drive circuits as a mask. 
Here, in the ambient atmosphere of B-2s H6/H2, it is accelerated by acceleration voltage 80keV, and 
boron ion is poured in by high concentration called dose 5x1015 atoms/cm2. Then, the source electrode 
and drain electrode of a P channel thin film transistor are formed. Furthermore, impurity impregnation 
for making the N channel mold thin film transistor SW into LDD (Lightly Doped Drain) structure is 
performed, it is activated by carrying out annealing of the impurity impregnation field, and source 67b 
and drain 67a are constituted. 

[0017] then, the interlayer insulation film 68 — for example, PECVD — it is formed by depositing Si02 
by the thickness of about 500nm using law on the gate electrode 64, the scanning line 62, the auxiliary 
capacity line 63, other drive circuit wiring, and gate dielectric film 61. Patterning of the interlayer 
insulation film 68 is carried out so that source 67b and drain 67a of the semi-conductor layer 67 may be 
exposed by the photo etching method, and thereby, it forms contact holes 69 and 70. 
[0018] Then, a simple substance, its cascade screen, or alloy film, such as Ta, Cr, aluminum, Mo, W, and 
Cu, accumulate on an interlayer insulation film 68 by the thickness which is about 500nm, and patterning 
is carried out to a configuration predetermined by the photo etching method, and, thereby, they form 
wiring a signal line 71, the source electrode 66, the extended source electrode 72, and for drive circuits. 
[0019] then, the protection insulator layer 73 — SiNx — PECVD — it is formed by depositing on these 
wiring and an interlayer insulation film 68 in law, and it is formed when a contact hole 74 carries out 
patterning of the protection insulator layer 73 by the photo etching method. 

[0020] Then, a photopolymer is applied by the thickness of about 2 micrometers on the protection 
insulator layer 73 as an organic compound insulator 76, this is partially exposed in the range 
corresponding to a contact hole 74 using the photo mask for contact holes 75, and it is exposed using 
the photo mask for concavo-convex patterns with two or more circular protection-from-light sections 
arranged in the random pitch in the range of each pixel field PX so that it may not lap with a signal line 
71 further, for example. Here, the light exposure for concavo-convex patterns is set to about 10% - 50% 
of the light exposure for contact holes formed in an organic compound insulator 76. the size of 2x2 
pixels which shows the photo mask for concavo-convex patterns by the thick wire in drawing 3 — 
having — the concavo-convex pattern A — a pattern location (1 1) — and (2 2) — specifying — the 
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.concavo-convex pattern B — a pattern location (2 1) — and (1 2) it specifies. Exposure is performed 
shifting every 2 pixels of this photo mask to drawing 3 at the line writing direction of the pixel electrode 
77, as an arrow head shows. In this case, whenever a photo mask reaches the last pixel electrode 77 of 
each line, it is shifted in the direction of a train of the pixel electrode 77 by 2 more pixels. On the 
contrary, this exposure may be performed, shifting every 2 pixels of photo masks in the direction of a 
train of the pixel electrode 77. In this case, whenever a photo mask reaches the last pixel electrode 77 
of each train, it is shifted to the line writing direction of the pixel electrode 77 by 2 more pixels. 
[0021] Then, in order that an organic compound insulator 76 may remove an above-mentioned exposure 
part, negatives are developed, and this forms two or more heights 76a and crevice 76b in an organic 
compound insulator 76 with a contact hole 75. In this phase, since heights 76a and crevice 76b are 
acute angles-like, heat treatment of the array substrate 78 is performed about 60 minutes at 200 
degrees C. An angle will be able to be taken [ smooth ] by this the front face of heights 76a and crevice 
76b. 

[0022] Then, the pixel electrode 77 which it deposits on an organic compound insulator 76 by the 
thickness of about 200nm by the spatter, and patterning is carried out to a configuration predetermined 
by the photo etching method, and metal membranes, such as aluminum, nickel, Cr, and Ag, contact the 
extended source field 72 by this, and carries out capacity coupling to the auxiliary capacity line 63 is 
formed. 

[0023] Then, in order to secure the predetermined gap where two or more pillar-shaped spacers serve 
as thickness of the liquid crystal layer 85, it is formed in a predetermined field, and it is formed when the 
orientation film 83 applies about 3 micrometers of polyimide of a low-temperature cure mold so that the 
pixel electrode 77 and an organic compound insulator 76 may be covered by printing, and it carries out 
rubbing processing of this. 

[0024] On the other hand, in manufacture of the opposite substrate 82, a high strain point glass plate, a 
quartz plate, etc. are used as an insulating substrate 79 of light transmission nature, and the coloring 
layer 80 which distributed the pigment etc. is formed on this insulating substrate 79. The transparent 
counterelectrode 81 is formed by depositing 1TO on the coloring layer 80 in a spatter. Then, it is formed 
when the orientation film 84 applies about 3 micrometers of polyimide of a low-temperature cure mold 
so that the transparence counterelectrode 81 may be covered by printing, and it carries out rubbing 
processing of this. In addition, rubbing processing of the orientation film 83 and 84 is performed in the 
direction in which 70 degrees of these orientation shafts shift mutually. The array substrate 78 and the 
opposite substrate 82 are unified after formation of the orientation film 83 and 84. The array substrate 
78 and the opposite substrate 82 carry out the orientation film 83 and 84 inside, go, and, specifically, are 
stuck through a periphery sealant. The liquid crystal layer 85 uses as a eel liquid crystal impregnation 
space surrounded by the periphery sealant between the array substrate 78 and the opposite substrate 
82, and is obtained by injecting a liquid crystal constituent like a nematic liquid crystal into this eel, and 
closing it. A polarizing plate 40 is in the condition that the liquid crystal layer 85 was pinched between 
the array substrate 78 and the opposite substrate 82 in this way, and is stuck on the transparence 
insulating substrate 79 in the opposite side in the coloring layer 80. A reflective mold liquid crystal 
display is completed as mentioned above. 

[0025] According to the liquid crystal display of the 1st operation gestalt, a reflecting plate is 
constituted by two or more pixel electrodes 77, and each pixel electrode 77 has one side of the 
concavo-convex patterns A and B. Here, the concavo-convex patterns A and B are together put so 
that a concavo-convex pattern of the same kind may not adjoin, and they are formed in two or more 
pixel electrodes 77. That is, since adjoining concavo-convex patterns differ mutually in the line of two or 
more pixel fields PX, and each of the direction of a train, interference of the light scattered about by the 
concavo-convex patterns A and B of these pixel electrode 77 can be made irregular as a whole. For this 
reason, it can reduce hard to see [ of the image by interference of light ], without spoiling good contrast. 
[0026] Drawing 4 shows the 1 st modification of the pattern array shown in drawing 3 . In the 1 st 
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.modification, the photo mask for concavo-convex patterns has the size of 3x3 pixels shown by the thick 
wire in drawing 4 . the concavo-convex pattern A — a pattern location (1 1) — and (2 3) (3 2) — 
specifying — the concavo-convex pattern B — a pattern location (1 2) — and (2 1) (3 3) — specifying 

— the concavo-convex pattern C — a pattern location (1 3) — and (2 2) (3 1) it specifies. Exposure is 
performed shifting every 3 pixels of this photo mask to drawing 4 at the line writing direction of the pixel 
electrode 77, as an arrow head shows. In this case, whenever a photo mask reaches the last pixel 
electrode 77 of each line, it is shifted in the direction of a train of the pixel electrode 77 by 3 pixels. 
[0027] According to the 1 st modification, the concavo-convex patterns A, B, and C are together put so 
that a concavo-convex pattern of the same kind may not adjoin, and they are formed in two or more 
pixel electrodes 77. Especially the array of the 1st modification can be made more irregular than the 
case of the array which shows interference of the light scattered about by the concavo-convex 
patterns A, B, and C of these pixel electrode 77 to drawing 3 as a whole. For this reason, it can reduce 
further hard to see [ of the image by interference of light ], without spoiling good contrast. 

[0028] Drawing 5 shows the 2nd modification of the pattern array shown in drawing 3 . In the 2nd 
modification, the photo mask for concavo-convex patterns has the size of 3x3 pixels shown by the thick 
wire in drawing 5 . the concavo-convex pattern A — a pattern location (1 1) — and (2 3) (3 2) — 
specifying — the concavo-convex pattern B — a pattern location (1 2) — and (2 1) (3 3) — specifying 

— the concavo-convex pattern C — a pattern location (1 3) — and (2 2) (3 1) it specifies. Exposure is 
performed shifting every 2 pixels of this photo mask to drawing 5 in 3 pixels and the direction of a train 
at the line writing direction of the pixel electrode 77, as an arrow head shows. 

[0029] According to the 2nd modification, the concavo-convex patterns A, B, and C are together put so 
that a concavo-convex pattern of the same kind may not adjoin, and they are formed in two or more 
pixel electrodes 77. Especially the array of the 2nd modification can be made more irregular than the 
case of the array which shows interference of the light scattered about by the concavo-convex 
patterns A, B, and C of these pixel electrode 77 to drawing 4 as a whole. For this reason, it can reduce 
further hard to see [ of the image by interference of light ], without spoiling good contrast. 
[0030] Next, the reflective mold liquid crystal display concerning the 2nd operation gestalt of this 
invention is explained. Drawing 6 shows the partial planar structure of this reflective mold liquid crystal 
display. This liquid crystal display is constituted like the 1st operation gestalt except for the following 
things. For this reason, in drawing 6 , the same reference mark shows the same part as the 1st 
operation gestalt, and that explanation is omitted. 

[0031] In this reflective mold liquid crystal display, it is formed in the pixel electrode 77 of the pixel field 
PX of a foreground color where two or more sorts of concavo-convex patterns differ mutually, 
respectively, and the average pitch of the main dispersion section of each concavo-convex pattern is 
dependent on the wavelength lambda of the foreground color of the correspondence pixel field PX. 
Specifically, the average pitch of two or more heights 76a arranged at random is determined as each 
pixel electrode 77 corresponding to the wavelength lambda of the correspondence color filter color of 
the coloring layer 80. 

[0032] The pixel electrode 77 of n train, the pixel electrode 77 of n+1 train, and the pixel electrode 77 
(here) of n+2 trains n= 1 , 2 and 3, and — counter the color filter of red, green, and blue, respectively. 
For example, the concavo-convex pattern R with which two or more heights 77a is arranged at random 
in the average pitch dred as the main dispersion section for red pixels The concavo-convex pattern G 
arranged at random and two or more heights 77a have [ two or more heights 77a ] the concavo-convex 
pattern B arranged at random in the average pitch dblue as the main dispersion section for blue pixels in 
the average pitch dgreen as the main dispersion section for green pixels. Moreover, in each of the 
concavo-convex patterns R, G, and B, it is arranged so that a crevice may surround two or more heights 
77a as the subdispersion section like the 1 st operation gestalt. 

[0033] These average pitches dred, dgreen, and dblue are set up so long that it is so short that the 
wavelength lambda of a color filter color is short and the wavelength lambda of a color filter color is long, 
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.and serve as relation called dred >dgreen > dblue. In order to perform a good white display, it is 
reflected in the direction in which the white lights which carried out incidence differ mutually in red, 
green, and a blue pixel field corresponding to each wavelength lambda from the same, and specifically, it 
is set up so that outgoing radiation may be mutually carried out in the equal direction. 
[0034] Next, as a beam-of-light locus is shown in drawing 1 7 , the concavo-convex pattern of a single 
kind compares with the reflective mold liquid crystal display of the 2nd operation gestalt shown in the 
reflective mold liquid crystal display and drawing 6 of the former formed in all pixel electrodes. Drawing 
18 shows the beam-of-light locus in the cross section of the pixel field for red which met the XVIII- 
XVIII line shown in drawing 17 , and drawing 19 shows the beam-of-light locus in the cross section of 
the pixel field for blue which met the XIX-XIX line shown in drawing 1 7 . n1 expresses with drawing 18 
and drawing 19 the incident angle of the incident light by which the refractive index in air and n2 go to 
the refractive index of a liquid crystal ingredient, and theta 1 goes to a liquid crystal layer from the 
exterior, the outgoing radiation angle of the incident light by which theta 2 is refracted in a liquid crystal 
layer, and faces to a pixel electrode, the inclination of a pixel electrode [ as opposed to a horizontal 
plane in theta 3 ], and the outgoing radiation angle of the reflected light which theta 4 is reflected with a 
pixel electrode and goes to the exterior of a liquid crystal layer, respectively. The outgoing radiation 
angle theta 4 has the following relation to the incident angle theta 1, an inclination theta 3, a refractive 
index n1, and a refractive index n2. 
[0035] 
[Equation 1] 



[0036] Here, as for the refractive index n2 of a liquid crystal ingredient, since the short wavelength is 
generally larger, as for the outgoing radiation angle theta 4, wavelength lambda becomes so large that it 
is short from an upper type to the incident light from thetal direction, namely, — if the outgoing 
radiation angle of theta 4 (red) and blue component light is set to theta 4 (blue) for the outgoing 
radiation angle of red component light — these — theta4 (red) > It becomes relation called theta 4 
(blue). Therefore, when the concavo-convex pattern of a single kind is formed in all pixel electrodes 
regardless of a foreground color like the conventional reflective mold liquid crystal display shown in 
drawing 1 7 , since coloring of the reflected light will be observed in the direction of slant to a liquid 
crystal layer, a good white display cannot be performed. 

[0037] On the other hand, in the reflective mold liquid crystal display of the 2nd operation gestalt shown 
in drawing 6 , the concavo-convex patterns R, G, and B are formed in red, green, and the pixel electrode 
77 of the pixel field PX for blue, respectively, and it is dependent on the red whose average pitch of the 
main dispersion section of the concavo-convex patterns R, G, and B is the foreground color of each 
pixel field PX, green, and the blue wavelength lambda. Drawing 7 shows the beam-of-light locus in the 
cross section of the pixel field for red which met the VII— VII line shown in drawing 6 , and drawing 8 
shows the beam-ofHight locus in the cross section of the pixel field for blue which met the VIII— VIII line 
shown in drawing 6 . n1 expresses with drawing 7 and drawing 8 the incident angle of the incident light 
by which the refractive index in air and n2 go to the refractive index of a liquid crystal ingredient, and 
theta 1 goes to the liquid crystal layer 85 from the exterior, the outgoing radiation angle of the incident 
light by which theta 2 is refracted in the liquid crystal layer 85, and faces to the pixel electrode 77, the 
inclination of the pixel electrode [ as opposed to a horizontal plane in theta 3 ] 77, and the outgoing 
radiation angle of the reflected light which theta 4 is reflected with the pixel electrode 77, and goes to 
the exterior of the liquid crystal layer 85, respectively. The pitch of heights 77a is longer than the pitch 
shown in drawing 8 in drawing 7 . Although the difference of elevation of heights 77a and crevice 77b 
does not change with above-mentioned pitches, the one where a pitch is longer can form small the 
maximum of the inclination theta 3 of the pixel electrode 77 to a horizontal plane, namely, the case 
where lengthened further the pitch used as the inclination theta 3 of the pixel electrode 77, and 
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.inclination theta3' of the pixel electrode 77 is obtained — inclining — theta 3 and theta3' — theta3' — 
< It becomes relation called theta 3. Here, an outgoing radiation angle can be made into the uniform 
value independent of a foreground color by selecting a pitch from the relation of an upper type for every 
foreground color so that it may become the outgoing radiation angle theta 4 (blue) of the outgoing 
radiation angle theta4(red) = blue component light of red component light. Since it can lose by this that 
coloring of the reflected light is observed also in the direction of slant to the liquid crystal layer 85, a 
good white display can be performed. 

[0038] The photo mask for concavo-convex patterns has the size of 1x3 pixels shown by the thick wire 
in drawing 9 , specifies the concavo-convex pattern R in a pattern location (1 1), specifies the concavo- 
convex pattern G in a pattern location (1 2), and specifies the concavo-convex pattern B in a pattern 
location (1 3). Exposure is performed shifting every 3 pixels of this photo mask to drawing 9 at the line 
writing direction of the pixel electrode 77, as an arrow head shows. In this case, whenever a photo mask 
reaches the last pixel electrode 77 of each line, it is shifted in the direction of a train of the pixel 
electrode 77 by 1 pixel. 

[0039] According to the liquid crystal display of the 1st operation gestalt, the concavo-convex patterns 
R, G, and B are together put so that a concavo-convex pattern of the same kind may not adjoin, and 
they are formed in two or more pixel electrodes 77. Thereby, interference of the light scattered about 
by the concavo-convex patterns R, G, and B of the pixel electrode 77 can be made irregular as a whole. 
Therefore, it can reduce further hard to see [ of the image by interference of light ], without spoiling 
good contrast. Furthermore, red and since it is determined corresponding to the wavelength lambda of 
the color filter of green and blue, a good white display can be performed, respectively, without observing 
coloring of the reflected light also in the direction of slant to the liquid crystal layer 85, so that the 
average pitch of the main dispersion section of these irregularity patterns R, G, and B, i.e., heights 77a, 
may make the outgoing radiation angle theta 4 in agreement. 

[0040] Drawing 1 0 shows the combination of the concavo-convex pattern shown in drawing 9 , and the 
modification of an array. This modification is applied when arranged in the shape of a matrix instead of 
the color filter of red, green, and blue being a stripe-like. In this case, the photo mask for concavo- 
convex patterns has the size of 3x3 pixels shown by the thick wire in drawing 10 . The pattern location 
corresponding to the pixel field PX for red for the concavo-convex pattern R (1 1), And (3 2) the pattern 
location corresponding to [ specify and ] the pixel field PX for green for the concavo-convex pattern G 
(1 2), (2 Three) (2 One) and (3 3) the pattern location (1 3) corresponding to [ specify and ] the pixel 
field PX for blue for the concavo-convex pattern B — and (2 2) (3 1) it specifies. Exposure is performed 
shifting every 3 pixels of this photo mask to drawing 10 at the line writing direction of the pixel electrode 
77, as an arrow head shows. In this case, whenever a photo mask reaches the last pixel electrode 77 of 
each line, it is shifted in the direction of a train of the pixel electrode 77 by 3 pixels. 
[0041] According to this modification, even when the foreground colors of the pixel field PX differ in 
each train, the same effectiveness as the above-mentioned 2nd operation gestalt can be acquired. 
[0042] Hereafter, the transflective LCD concerning the 3rd operation gestalt of this invention is 
explained with reference to an accompanying drawing. Drawing 1 1 shows the partial planar structure of 
this transflective LCD, and drawing 12 shows the cross-section structure near [ which is shown in 
drawing 1 ] a pixel. This liquid crystal display is equipped with ****** 85 pinched between the array 
substrate 78, the opposite substrate 82, these substrates 78, and 82 as shown in drawing 12 . At 
drawing 1 1 and drawing 12 , the same reference mark shows the same part as the 1st operation gestalt. 
[0043] two or more scanning lines 62 with which the array substrate 78 is arranged along with the line of 
an insulating substrate 60, two or more pixel electrodes 77 with which it is arranged in the shape of a 
matrix, two or more signal lines 71 arranged in accordance with the train of these pixel electrode 77, and 
these pixel electrode 77 — scanning-line 62 corresponding to each And the wrap orientation film 83 is 
included for the drive circuit which drives two or more thin film transistor (TFT) SW, two or more 
scanning lines 62, and two or more signal lines 71 which are arranged as a switching element for pixels 
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.near the crossover location of the correspondence signal line 71, and two or more pixel electrodes 77. 
The opposite substrate 82 has [ the insulating substrate 79 of light transmission nature, the coloring 
layer 80 formed on an insulating substrate 79 as the red who counters the pixel electrode 77 of a 
correspondence train respectively, and ranks with a line writing direction in order, green, and a blue 
stripe-like color filter, and the coloring layer 80 ] the wrap orientation film 84 for the wrap transparence 
counterelectrode 81 and this counterelectrode 81. Moreover, a polarizing plate 40 is stuck on the 
transparence insulating substrate 79 in the opposite side in the coloring layer 80. With this transflective 
LCD, the liquid crystal layer 85 is divided to two or more pixel fields PX respectively corresponding to 
two or more pixel electrodes 77, and each pixel field PX is mostly specified between the two contiguity 
scanning lines 62 and two contiguity signal lines 71. Each thin film transistor SW answers the scan pulse 
supplied from the correspondence scanning line 62, flows, and supplies the potential of the 
correspondence signal line 71 to the correspondence pixel electrode 77. Each pixel electrode 77 is 
impressed to the correspondence pixel field PX of the liquid crystal layer 85 by making potential of the 
correspondence signal line 71 into pixel potential, and controls the permeability of the pixel field PX 
based on the potential difference of this pixel potential and the potential of a counterelectrode 81. The 
drive circuit of the scanning line 62 and a signal line 71 is constituted by two or more thin film 
transistors formed like the switching element for pixels, and these wiring. These thin film transistors 
contain a P channel mold and an N channel mold. 

[0044] In the array substrate 78, each thin film transistor SW has the semi-conductor layer 67, the gate 
electrode 64 which is insulated and formed above this semi-conductor layer 67, and is connected to the 
correspondence scanning line 62, and the source and the drain electrodes 66 and 65 which contact the 
semi-conductor layer 67 through contact holes 69 and 70 in the both sides of the gate electrode 64, 
and are connected to the correspondence pixel electrode 77 and the correspondence signal line 71, 
respectively. The semi-conductor layer 67 is formed on an insulating substrate 60, and is covered by 
gate dielectric film 61 together with an insulating substrate 60. It insulates from the semi-conductor 
layer 67 with this gate dielectric film 61, and the gate electrode 64 is formed in one with the 
correspondence scanning line 62 on this gate dielectric film 61. It is formed on gate dielectric film 61 so 
that further two or more auxiliary capacity lines 63 may carry out capacity coupling to the pixel 
electrode 77 of a multi-line, respectively. The gate electrode 64, the scanning line 62, and the auxiliary 
capacity line 63 are covered with an interlayer insulation film 68 together with gate dielectric film 61. 
Contact holes 69 and 70 are formed in an interlayer insulation film 68 and gate dielectric film 61 so that 
source 67b and drain 67a which are formed in the semi-conductor layer 67 in the both sides of the gate 
electrode 64 may be exposed. The source and the drain electrodes 66 and 65 contact source 67b and 
drain 67a of the semi-conductor layer 67 in these contact holes 69 and 70, respectively, and are formed 
on an interlayer insulation film 68. The source electrode 66 is formed on an interlayer insulation film 68 
in [ as the extended source electrode 72 ] one, and the drain electrode 65 is formed in one with the 
correspondence signal line 71 on an interlayer insulation film 68. The source electrode 66, the extended 
source electrode 72, the drain electrode 65, and a signal line 71 are covered with the protection 
insulator layer 73 together with an interlayer insulation film 68. This protection insulator layer 73 has the 
contact hole 74 which exposes the extended source electrode 72 partially, and is covered with an 
organic compound insulator 76. An organic compound insulator 76 has the contact hole 75 which 
exposes the extended source electrode 72 partially corresponding to the contact hole 74 of the 
protection insulator layer 73. The pixel electrode 77 contacts the extended source electrode 72 in 
contact holes 74 and 75, is formed on an organic compound insulator 76, and is covered with the 
orientation film 83. 

[0045] Two or more pixel electrodes 77 have the transparency field which penetrates or absorbs the 
light from the reflective field over which the light which carries out incidence through the liquid crystal 
layer 85 from the opposite substrate 82 side is scattered with a high reflection factor, and a back light, 
and the up front face of an organic compound insulator 76 is formed as a substrate. An organic 
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.compound insulator 76 has two or more concavo-convex patterns which consist of crevice 76b arranged 
so that two or more hemispherical heights 76a respectively arranged at random in the range of the pixel 
field PX and these heights 76a may be surrounded. Transparency field electrode 77c of two or more 
pixel electrodes 77 is formed by the penetrable conductivity film which consists of ITO. Moreover, the 
reflective field electrode of the pixel electrode 77 is formed by predetermined thickness along with the 
concavo-convex pattern of an organic compound insulator 76 including silver, aluminum, or a metallic 
material like these alloys. For this reason, it has the concavo-convex pattern which consists of crevice 
77b prescribed to surround two or more hemispherical heights 77a prescribed that the reflective field of 
each pixel electrode 77 is arranged at random in the range of the correspondence pixel field PX by two 
or more hemispherical heights 76a of an organic compound insulator 76, and these heights 77a, and to 
be arranged by crevice 76b of an organic compound insulator. The concavo-convex pattern of two or 
more pixel electrodes 77 is two kinds shown in drawing 3 by A and B, and it is arranged so that a 
concavo-convex pattern of the same kind may not adjoin in the line and the direction of a train of these 
pixel electrode 77. In the concavo-convex pattern of each pixel electrode, two or more heights 77a 
constitutes the main dispersion section to incident light, and crevice 77b constitutes the subdispersion 
section to incident light. 

[0046] Next, the production process of the transflective LCD mentioned above is explained. 
[0047] In manufacture of the array substrate 78, after using a high strain point glass plate, a quartz plate, 
etc. as an insulating substrate 60, and the semi-conductor layer's 67 depositing an amorphous silicon on 
an insulating substrate 60 by the thickness of about 50nm with a CVD method etc. and performing 
furnace annealing at 450 degrees C for 1 hour, by irradiating XeCI excimer laser, an amorphous silicon is 
crystalized as polycrystalline silicon film, and it is formed by carrying out patterning of this 
polycrystalline silicon film by the photo etching method further. Then, it is formed when gate dielectric 
film 61 deposits SiOx on the semi-conductor layer 67 and an insulating substrate 60 by the thickness of 
about 100nm with a CVD method. Then, it is formed, when the gate electrode of the gate electrode 64, 
the scanning line 62, the auxiliary capacity line 63, and the other thin film transistors for drive circuits 
and wiring deposit a simple substance, its cascade screen, or alloy film, such as Ta, Cr, aluminum, Mo f W, 
and Cu, by the thickness of about 400nm on gate dielectric film 61 and carry out patterning of this to a 
predetermined configuration by the photo etching method. Then, an impurity like Lynn is doped by the 
semi-conductor layer 67 by an ion implantation and the ion doping method using the gate electrode 64 
as a mask, for example. Here, in the ambient atmosphere of PH3/H2, it is accelerated by acceleration 
voltage 80keV, and phosphorus ion is doped by high concentration called dose 5x1015 atoms/cm2. Then, 
the source and the drain electrode of the drain electrode 65 of the thin film transistor for pixels, the 
source electrode 66, and the N channel thin film transistor for drive circuits are formed. 
[0048] Then, it is covered by the resist so that an impurity may not be injected into thin film transistor 
SW for pixels, and the N channel thin film transistor for drive circuits, for example, an impurity like boron 
is doped considering the gate electrode of the P channel thin film transistor for drive circuits as a mask. 
Here, in the ambient atmosphere of B-2s H6/H2, it is accelerated by acceleration voltage 80keV, and 
boron ion is poured in by high concentration called dose 5x1015 atoms/cm2. Then, the source electrode 
and drain electrode of a P channel thin film transistor are formed. Furthermore, impurity impregnation 
for making the N channel mold thin film transistor SW into LDD (LightlyDoped Drain) structure is 
performed, it is activated by carrying out annealing of the impurity impregnation field, and source 67b 
and drain 67a are constituted. 

[0049] then, the interlayer insulation film 68 — for example, PECVD — it is formed by depositing Si02 
by the thickness of about 500nm using law on the gate electrode 64, the scanning line 62, the auxiliary 
capacity line 63, other drive circuit wiring, and gate dielectric film 61. Patterning of the interlayer 
insulation film 68 is carried out so that source 67b and drain 67a of the semi-conductor layer 67 may be 
exposed by the photo etching method, and thereby, it forms contact holes 69 and 70. 
[0050] Then, a simple substance, its cascade screen, or alloy film, such as .Ta, Cr, aluminum, Mo, W, and 
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Cu, accumulate on an interlayer insulation film 68 by the thickness which is about 500nm, and patterning 
is carried out to a configuration predetermined by the photo etching method, and, thereby, they form 
wiring a signal line 71, the source electrode 66, the extended source electrode 72, and for drive circuits. 
[0051] then, the protection insulator layer 73 — SiNx — PECVD — it is formed by depositing on these 
wiring and an interlayer insulation film 68 in law, and it is formed when a contact hole 74 carries out 
patterning of the protection insulator layer 73 by the photo etching method. 

[0052] Then, a photopolymer is applied by the thickness of about 2 micrometers on the protection 
insulator layer 73 as an organic compound insulator 76, this is partially exposed in the range 
corresponding to a contact hole 74 using the photo mask for contact holes 75, and it is exposed using 
the photo mask for concavo-convex patterns with two or more circular protection-frorrHight sections 
arranged in the random pitch in the range of each pixel field PX so that it may not lap with a signal line 
71 further, for example. Here, the light exposure for concavo-convex patterns is set to about 10% - 50% 
of the light exposure for contact holes formed in an organic compound insulator 76. the size of 2x2 
pixels which shows the photo mask for concavo-convex patterns by the thick wire in drawing 3 like the 
1st operation gestalt — repeating — size — becoming — the concavo-convex pattern A — a pattern 
location (1 1) — and (2 2) — specifying — the concavo-convex pattern B — a pattern location (2 1) — 
and (1 2) it specifies. 

[0053] Then, in order that an organic compound insulator 76 may remove an above-mentioned exposure 
part, negatives are developed, and this forms two or more heights 76a and crevice 76b in an organic 
compound insulator 76 with a contact hole 75. In this phase, since heights 76a and crevice 76b are 
acute angles-like, heat treatment of the array substrate 78 is performed about 60 minutes at 200 
degrees C. An angle will be able to be taken [ smooth ] by this the front face of heights 76a and crevice 
76b. 

[0054] Then, penetrable conductivity film, such as ITO, accumulates on an organic compound insulator 
76 by the thickness of about 50nm by the spatter, and patterning is carried out to a configuration 
predetermined by the photo etching method, and, thereby, it forms transparency field 77c of the pixel 
electrode 77. Then, a simple substance, its cascade screen, or alloy film, such as aluminum, nickel, Cr, 
Mo, and Ag, accumulate on an organic compound insulator 76 by the thickness of about 200nm by the 
spatter, and patterning is carried out to a configuration predetermined by the photo etching method, and 
they form the reflective field of the pixel electrode 77. The pixel electrode 77 contacts the extended 
source field 72, and carries out capacity coupling to the auxiliary capacity line 63. 

[0055] Then, in order to secure the predetermined gap where two or more pillar-shaped spacers serve 
as thickness of the liquid crystal layer 85, it is formed in a predetermined field, and it is formed when the 
orientation film 83 applies about 3 micrometers of polyimide of a low-temperature cure mold so that the 
pixel electrode 77 and an organic compound insulator 76 may be covered by printing, and it carries out 
rubbing processing of this. 

[0056] On the other hand, in manufacture of the opposite substrate 82, a high strain point glass plate, a 
quartz plate, etc. are used as an insulating substrate 79 of light transmission nature, and the coloring 
layer 80 which distributed the pigment etc. is formed on this insulating substrate 79. The transparent 
counterelectrode 81 is formed by depositing ITO on the coloring layer 80 by the SUPATSU evening 
method. Then, it is formed when the orientation film 84 applies about 3 micrometers of polyimide of a 
low-temperature cure mold so that the transparence counterelectrode 81 may be covered by printing, 
and it carries out rubbing processing of this. In addition, rubbing processing of the orientation film 83 and 
84 is performed in the direction in which 70 degrees of these orientation shafts shift mutually. The array 
substrate 78 and the opposite substrate 82 are unified after formation of the orientation film 83 and 84. 
The array substrate 78 and the opposite substrate 82 carry out the orientation film 83 and 84 inside, go, 
and, specifically, are stuck through a periphery sealant. The liquid crystal layer 85 uses as a eel liquid 
crystal impregnation space surrounded by the periphery sealant between the array substrate 78 and the 
opposite substrate 82, and is obtained by injecting a liquid crystal constituent like a nematic liquid 
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crystal into this eel, and closing it. A polarizing plate 40 is in the condition that the liquid crystal layer 85 
was pinched between the array substrate 78 and the opposite substrate 82 in this way, and is stuck on 
the transparence insulating substrate 79 in the opposite side in the coloring layer 80. A transflective 
LCD is completed as mentioned above. 

[0057] According to the transflective LCD of the 3rd operation gestalt, a reflecting plate is constituted 
by two or more pixel electrodes 77, and each pixel electrode 77 has one side of the concavo-convex 
patterns A and B. Here, the concavo-convex patterns A and B are together put so that a concavo- 
convex pattern of the same kind may not adjoin, and they are formed in two or more pixel electrodes 77. 
That is, since adjoining concavo-convex patterns differ mutually in the tine of two or more pixel fields 
PX, and each of the direction of a train, interference of the light scattered about by the concavo- 
convex patterns A and B of these pixel electrode 77 can be made irregular as a whole. For this reason, 
it can reduce hard to see [ of the image by interference of light ], without spoiling good contrast. 
[0058] In addition, the pattern array shown in drawing 3 may be transposed to the modification of the 
pattern array shown in drawing 4 and drawing 5 . 

[0059] Next, the transflective LCD concerning the 4th operation gestalt of this invention is explained. 
Drawing 13 shows the partial planar structure of this transflective LCD. This liquid crystal display is 
constituted like the 3rd operation gestalt except for the following things. For this reason, in drawing 1 3 , 
the same reference mark shows the same part as the 3rd operation gestalt, and that explanation is 
omitted. 

[0060] In this transflective LCD, it is formed in the pixel electrode 77 of the pixel field PX of a 
foreground color where two or more sorts of concavo-convex patterns differ mutually, respectively, and 
the average pitch of the main dispersion section of each concavo-convex pattern is dependent on the 
wavelength of the foreground color of the correspondence pixel field PX. Specifically, the average pitch 
of two or more heights 76a arranged at random is determined as each pixel electrode 77 corresponding 
to the wavelength lambda of the correspondence color filter color of the coloring layer 80. 
[0061] The pixel electrode 77 of n train, the pixel electrode 77 of n+1 train, and the pixel electrode 77 
(here) of n+2 trains n= 1, 2 and 3, and — counter the color filter of red, green, and blue, respectively. 
For example, the concavo-convex pattern R with which two or more heights 77a is arranged at random 
in the average pitch dred as the main dispersion section for red pixels The concavo-convex pattern G 
arranged at random and two or more heights 77a have [ two or more heights 77a ] the concavo-convex 
pattern B arranged at random in the average pitch dblue as the main dispersion section for blue pixels in 
the average pitch dgreen as the main dispersion section for green pixels. Moreover, in each of the 
concavo-convex patterns R, G, and B, it is arranged so that a crevice may surround two or more heights 
77a as the subdispersion section like the 1st operation gestalt. 

[0062] These average pitches dred, dgreen, and dblue are set up so long that it is so short that the 
wavelength lambda of a color filter color is short and the wavelength lambda of a color filter color is long, 
and serve as relation called dred>dgreen>dblue. In order to perform a good white display, it is reflected 
in the direction in which the white lights which carried out incidence differ mutually in red, green, and a 
blue pixel field corresponding to each wavelength lambda from the same, and specifically, it is set up so 
that outgoing radiation may be mutually carried out in the equal direction. 

[0063] Next, as a beam-of-light locus is shown in drawing 1 7 , the concavo-convex pattern of a single 
kind compares with the transflective LCD of the 4th operation gestalt shown in the reflective mold liquid 
crystal display and drawing 13 of the former formed in all pixel electrodes. As the 2nd operation gestalt 
explained, drawing 18 shows the beam-of-light locus in the cross section of the pixel field for red which 
met the XVIII-XVIII line shown in drawing 1 7 , and drawing 19 shows the beam-ofHight locus in the 
cross section of the pixel field for blue which met the XIX-XIX line shown in drawing 1 7 . n1 expresses 
with drawing 18 and drawing 1 9 the incident angle of the incident light by which the refractive index in 
air and n2 go to the refractive index of a liquid crystal ingredient, and theta 1 goes to a liquid crystal 
layer from the exterior, the outgoing radiation angle of the incident light by which theta 2 is refracted in 
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.a liquid crystal layer, and faces to a pixel electrode, the inclination of a pixel electrode [ as opposed to a 
horizontal plane in theta 3 ], and the outgoing radiation angle of the reflected light which theta 4 is 
reflected with a pixel electrode and goes to the exterior of a liquid crystal layer, respectively. The 
outgoing radiation angle theta 4 has the following relation to the incident angle theta 1, an inclination 
theta 3, a refractive index n1, and a refractive index n2. 
[0064] 
[Equation 2] 



[0065] Here, as for the refractive index n2 of a liquid crystal ingredient, since the short wavelength is 
generally larger, as for the outgoing radiation angle theta 4, wavelength lambda becomes so large that it 
is short from an upper type to the incident light from theta 1 direction. That is, if the outgoing radiation 
angle of theta 4 (red) and blue component light is set to theta 4 (blue) for the outgoing radiation angle of 
red component light, these will become relation called theta4(red) >theta4 (blue). Therefore, when the 
concavo-convex pattern of a single kind is formed in all pixel electrodes regardless of a foreground color 
like the conventional reflective mold liquid crystal display shown in drawing 1 7 , since coloring of the 
reflected light will be observed in the direction of slant to a liquid crystal layer, a good white display 
cannot be performed. 

[0066] On the other hand, in the transflective LCD of the 4th operation gestalt shown in drawing 13 , 
the concavo-convex patterns R, G, and B are formed in red, green, and the pixel electrode 77 of the 
pixel field PX for blue, respectively, and it is dependent on the red whose average pitch of the main 
dispersion section of the concavo-convex patterns R, G, and B is the foreground color of each pixel 
field PX, green, and the blue wavelength lambda. The beam-of-light locus in the cross section of the 
pixel field for blue which met the VIII— VIII line which comes to show the beam-of-light locus in the cross 
section of the pixel field for red which met the VII— VII line shown in drawing 13 to drawing 7 R> 7, and is 
shown in drawing 13 comes to be shown in drawing 8 . n1 expresses with drawing 7 and drawing 8 the 
incident angle of the incident light by which the refractive index in air and n2 go to the refractive index 
of a liquid crystal ingredient, and theta 1 goes to the liquid crystal layer 85 from the exterior, the 
outgoing radiation angle of the incident light by which theta 2 is refracted in the liquid crystal layer 85, 
and faces to the pixel electrode 77, the inclination of the pixel electrode [ as opposed to a horizontal 
plane in theta 3 ] 77, and the outgoing radiation angle of the reflected light which theta 4 is reflected 
with the pixel electrode 77, and goes to the exterior of the liquid crystal layer 85, respectively. The pitch 
of heights 77a is longer than the pitch shown in drawing 8 in drawing 7 . Although the difference of 
elevation of heights 77a and crevice 77b does not change with above-mentioned pitches, the one where 
a pitch is longer can form small the maximum of the inclination theta 3 of the pixel electrode 77 to a 
horizontal plane. That is, when the pitch used as the inclination theta 3 of the pixel electrode 77 is 
lengthened further and inclination theta3* of the pixel electrode 77 is obtained, it inclines and theta 3 
and theta3' become relation called theta3'<theta3. Here, an outgoing radiation angle can be made into 
the uniform value independent of a foreground color by selecting a pitch from the relation of an upper 
type for every foreground color so that it may become the outgoing radiation angle theta 4 (blue) of the 
outgoing radiation angle theta4(red) = blue component light of red component light. Since it can lose by 
this that coloring of the reflected light is observed also in the direction of slant to the liquid crystal layer 
85, a good white display can be performed. 

[0067] The photo mask for concavo-convex patterns has the size of 1x3 pixels shown by the thick wire 
in drawing 9 used with the 2nd operation gestalt, specifies the concavo-convex pattern R in a pattern 
location (1 1), specifies the concavo-convex pattern G in a pattern location (1 2), and specifies the 
concavo-convex pattern B in a pattern location (1 3). Exposure is performed shifting every 3 pixels of 
this photo mask to drawing 9 at the line writing direction of the pixel electrode 77, as an arrow head 
shows. In this case, whenever a photo mask reaches the last pixel electrode 77 of each line, it is shifted 
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jn the direction of a train of the pixel electrode 77 by 1 pixel. 

[0068] According to the transflective LCD of the 4th operation gestalt, the same effectiveness as the 
reflective mold liquid crystal display of the 2nd operation gestalt is acquired. That is, the concavo- 
convex patterns R, G, and B are together put so that a concavo-convex pattern of the same kind may 
not adjoin, and they are formed in two or more pixel electrodes 77. Thereby, interference of the light 
scattered about by the concavo-convex patterns R, G, and B of the pixel electrode 77 can be made 
irregular as a whole. Therefore, it can reduce further hard to see [ of the image by interference of light ], 
without spoiling good contrast. Furthermore, red and since it is determined corresponding to the 
wavelength lambda of the color filter of green and blue, a good white display can be performed, 
respectively, without observing coloring of the reflected light also in the direction of slant to the liquid 
crystal layer 85, so that the average pitch of the main dispersion section of these irregularity patterns R, 
G, and B, i.e., heights 77a, may make the outgoing radiation angle theta 4 in agreement. 
[0069] In addition, the combination and the array of a concavo-convex pattern which are shown in 
drawing 9 may be transposed to the modification shown in drawing 10 . This modification is applied when 
it has been arranged in the shape of a matrix instead of the color filter of red, green, and blue being a 
stripe-like, as the 2nd operation gestalt explained. According to this modification, even when the 
foreground colors of the pixel field PX differ in each train, the same effectiveness as the above- 
mentioned 4th operation gestalt can be acquired. 

[0070] in addition, this invention is various in the range which is not limited to an above-mentioned 
operation gestalt and does not deviate from the summary — it is deformable. 

[0071] For example, transflective field 77c of the 3rd operation gestalt may be formed in flatness by 
losing partially the concavo-convex pattern of an organic compound insulator 76, as shown in drawing 14 
and drawing 1 5 . Furthermore, it is good even if flat, as transflective field 77c of the 4th operation 
gestalt is similarly shown in drawing 16 . 

[0072] The organic compound insulator 76 of the 1 st to 4th operation gestalt may have two or more 
concavo-convex patterns which consist of heights arranged so that two or more hemispherical crevices 
respectively arranged at random in the range of the pixel field PX and these crevices may be surrounded. 
In this case, it will have the concavo-convex pattern which consists of heights prescribed to surround 
two or more hemispherical crevices prescribed that each pixel electrode 77 is arranged at random in the 
range of the correspondence pixel field PX by two or more hemispherical crevices of an organic 
compound insulator 76, and these crevices, and to be arranged by the heights of an organic compound 
insulator. Therefore, in the concavo-convex pattern of each pixel electrode 77, two or more crevices 
constitute the main dispersion section to incident light, and heights constitute the subdispersion section 
to incident light. 

[0073] Moreover, although the semi-conductor layer 67 of each thin film transistor SW consisted of 
polish recons, it can also consist of amorphous silicons. Not only this but this invention is also applicable 
to the reflective mold and transflective LCD without a pixel switching element like a thin film transistor 
SW of a passive matrix. 

[0074] Moreover, when what is necessary is just to make interference of the scattered light irregular, on 
condition that it is together put so that a concavo-convex pattern with two or more sorts of concavo- 
convex patterns of the same kind may not adjoin in either [ at least ] the line writing direction of two or 
more pixel electrodes 77, or the direction of a train, each concavo-convex pattern may be assigned to 
one or more contiguity pixel electrodes 77 at one or more contiguity pixel fields PX and a concrete 
target. Furthermore, you may make it arrange combining three sorts chosen from four sorts of concavo- 
convex patterns instead of combining all of two or more sorts of concavo-convex patterns. 
[0075] 

[Effect of the Invention] According to this invention, the liquid crystal display which can obtain a more 
nearly quality display image using the outdoor daylight which carries out incidence from a perimeter can 
be offered as mentioned above. 
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[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the partial planar structure of the reflective mold liquid crystal display 
concerning the 1st operation gestalt of this invention. 

[Drawing 2] It is drawing showing the cross-section structure near a pixel where the II — II line shown in 
drawing 1 was met. 

[Drawing 3] It is drawing showing the combination and the array of two or more sorts of concavo- 
convex patterns which are formed in two or more pixel electrodes shown in drawing 1 . 
[Drawing 4] It is drawing showing the combination of the concavo-convex pattern shown in drawing 3 , 
and the 1st modification of an array. 

[Drawing 5] It is drawing showing the combination of the concavo-convex pattern shown in drawing 3 , 
and the 2nd modification of an array. 

[Drawing 6] It is drawing showing the partial planar structure of the reflective mold liquid crystal display 
concerning the 2nd operation gestalt of this invention. 

[Drawing 7] It is drawing showing the beam-of-light locus in the cross section of the pixel field for red 
which met the VII— VII line shown in drawing 6 . 

[Drawing 8] It is drawing showing the beam-of-light locus in the cross section of the pixel field for blue 
which met the VIII— VIII line shown in drawing 6 . 

[Drawing 9] It is drawing showing the combination and the array of two or more sorts of concavo- 
convex patterns which are formed in two or more pixel electrodes shown in drawing 6 . 
[Drawing 10] It is drawing showing the combination of the concavo-convex pattern shown in drawing 9 , 
and the modification of an array. 

[Drawing 11] It is drawing showing the partial planar structure of the transflective LCD concerning the 
3rd operation gestalt of this invention. 

[Drawing 12] It is drawing showing the cross-section structure near a pixel where the XII— XII line shown 
in drawing 1 1 was met. 

[Drawing 13] It is drawing showing the partial planar structure of the transflective LCD concerning the 
4th operation gestalt of this invention. 

[Drawing 14] It is drawing showing the planar structure of the modification of the transflective LCD 
shown in drawing 1 1 . 

[Drawing 1 5] It is drawing showing the cross-section structure near a pixel where the XV-XV line .shown 
in drawing 14 was met. 

[Drawing 1 6] It is drawing showing the planar structure of the modification of the transflective LCD 
shown in drawing 13 . 
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. [Drawing 17] It is drawing showing the partial planar structure of the conventional reflective mold liquid 
crystal display. 

[Drawing 18] It is drawing showing the beam-of-light locus in the cross section of the pixel field for red 
which met the XVIII— XVIII line shown in drawing 17 . 

[Drawing 19] It is drawing showing the beam-of-light locus in the cross section of the pixel field for blue 
which met the XIX-XIX line shown in drawing 1 7 . 
[Description of Notations] 

76 — Organic compound insulator 

77 — Pixel electrode (reflecting plate) 

77a — Heights (the main dispersion section) 
77b — Crevice (subdispersion section) 

78 — Array substrate 

82 — Opposite substrate 
85 — Liquid crystal layer 
PX — Pixel field 



[Translation done.] 
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[0028] 0 5 itm 3 ic^-r /^->ie?ij©as 2mm 

i7«H5lCfi^T*»T^-r 3 X 3B»©iMX£# 
U HO/** — >A£/t*->fl:B (1,1), (2, 
3) £<fctf (3, 2) TISL. GDi£lA«*->B£/t* 
->&B (1, 2) , (2, 1) *5=ktf (3, 3) T8E 
5£U DDO/^->C^/N°^->firM (1, 3) , 
(2, 2) *Sj;tf (3, 1) tiff*. B3fctt«*.tf 

30 7©ff*lRlH3BB»*i±r;5U^t21iStf»-f-P->7 

[0029] m2g.temzj:m3:, g30/^->a, 

fcSnTSS0MH7 7 fcH&aSft*. #Ci2t 

b, cx'mn,^n^yt<D^F»^±»tLxm4izmt^. 

&li?t£n>h?Xh$:mt£oZ\£tS.<ft<DTmzJ:Z>W 
m<DM.\z<ZZi<<E>\z&MT>gZ>. 

40 [0030] *%mv>w.2-mmMmL\z&z>Kmw 

BOffl^WttTiBSIiBS^-r. ^©«SS^SB««T 
7cJ6. B6tfi^TJBl5a6»J8tl»l*ft»»*l»l-# 
[0 0 3 1] ^<DSWSffiaa^SBT*(i. ^gcfflWGD 

mm7 7ic-g-n^*n^^n, &iH]db/t^->©£«a 
50 fic??-r^. ^wiiti. gi$ti7 7ic7>^ajce 
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[0 0 3 2] n?iJ(Dia^«S7 7, n + 1 5iJ©®^affi 
7 7. *5<trjCn + 2?Hj©ja^mffi7 7 (lit, n = 
1, 2, 3, -) tt*. It. #(DA^-7^;u^ir^-n 
*ft*f|S]U HAtfS»OQa7 7 a*tgl^ffl©if 
ag|5tbT¥^t-y^d r e d T5>^At-gEB£n& 
l3dV^->R. IR©i!l«7 7a««m*IC±«a 
SB t L tf y ^ d green"? ^ > A tciHS $ ti3 GO 
Ci/1^->G, teili;«t0M7 7 a ***■*«©£ io 

Cflfii/^->Bi6ft4. lH£b/^->R, G, 

B©#*-?tt> Dsa^tei^tig^ffi^^tiitcsjKaw^ 

LT«i&:©flSI$7 7 aSHtTJ:'5Kfi«3nS. 
[0 0 3 3] :tl^t:7fd r ed. dgreen. d 
bluett* 5-7 -C ;P^fe<D^fi A *t@l^ft*^< . # 5 

red > d g r een > dblue^^m&ttSiZ. MfcWlZ 



/0 

Bfi3t##, ft. #©B*«*K*l»T-*ft-6*l©tt* 
[0 0 3 4] *K3fc»fl»fc:oir»TI8 1 7 Ic^f J: 3 fC 

H e B s^sschJt^T^. @i8ii@i 7ic^-rxvni-xv 

IIIi»K»ofc*fflB*««©»riST©3tta*»&* 
U 119B01 7t^-rXIX-XIX*fc»ofc»fflB3R 
«W©»fiBT©**W»**"r. 01 8*SJ:tfBl 9T 
tt. nl«>^if(DJB]ff*, n 2 *«*S*r»©JB»f*. 
0 ia«*ato»e«aJB£fa#5AStft©AI*fc, 0 2** 
«AllTlB9fSnH*fUilCi4^3Alt%©ttlltA. 0 
3#*¥ffltc:#-r3H£«ffi©*g£. d4^tiT 

E»an*ftn©n»Kfii*5E»*©a«*ft*-e-rwe 

nST. ttittft 0 4 IJAWft 0 l , fi?6 3. SST*n 
[0 0 3 5] 



sintf, = sinfli cos2 0 3 + sin2 6 % ( sin*0, 



[0 0 3 6] ttatttt©ja#r*n 2 tt-^:(c@ 

«£©#**;*:# nfcft. ±^i0 0 i*lfi]3&»'5©A»3t 

ffi**fc0 4 ttifcft A jWSlriH 
fJttfeS. *6J*3ttfc©ffl*fft«0 4 (red) . * 
fej6£#7t©tBlt£i£0 4 (blue) 
tt0 4(red) > 0 4 (b 1 u e ) i^SKHfcfcfc 
-5. tot. 01 7 fC*-T!ie*©SI*S«JI«*»«© 
«fc 5 lcS*felCli^^:< gBXtCfcWttaGQdb/f 
>*»J«L&«£, S»3tt©fi"^#*«* B iJIfc»UT» so 
Tf[§g £ nx L 3^ 7£ # ic S £rr 5 

[0 0 3 7] rni:Sl, H 6 fc^-riB 2 *»#*©£ 
Itlifia^gSgiT-U, G3£!i/^->R, G, B#*. 

ft. *j<tj>*Wffl©ia*ffl^px©ia^*@7 7 tc^-n^* 
n^j$£n, gw^->r, g, B©^agi5©¥^ 
fc:y^A(-c-n-fti©mfH4tPx©S7fiTft«^. 

lb. *5j:yC*©jSfiA(Cfe7ft--5. S7tt0 6(C^-TVI 
I-VI IfSilC&o fe#ffl®^««©»rfflT©^«lS^S^ 
U 08tt06 (C^TVlIl-VIlI^lC»o7c»ffliii^® 40 
*©»BT©3t»tt»**-r. 0 7i5<fctf0 8T-tt. n 
i #2St4»©B»r*. n 2 **ttS«»©JBiff*. 0 i *< 
*ffl^5«SJI8 5fclSjJ&»-3ASt3fc©AWa. 0 2*^ 
HI 8 5T'SST^nB^*g7 7lC[S]*^AW7 l e©tliW 
A. 0 3#*¥®IC*r-r<5HS®®7 7©«£. 0 4 a* 
|S^«S7 7 TEW B 8 5©^.«K|ft*»pR» 

3t©m»ft s-tn-fna-r. age 7 7 a©tf-y^tt^7 

IC*liT@8t^-rtf!y^«tD ; bfit». CigB7 7ai0a 
SB 7 7 b©iS<SMtt±^©try^tJ:oT^bU^^ 

a<, e->^*tfii^^*¥Bic»-r-2>H^«S7 7©<a so 



#0 3©**«*/hS B£tt 
®7 7©ffl£0 3tft4K^6«6tft< ITI$1 
®7 7©<g#0 3 ' ffi#0 3*<tr/0 3 ' 

tt0 3 ' < 0 3 tt»5M«C«t*. 
7t©tbWA0 4 (red) =Wfi«fi»3 l t©tB«ft 0 
4 (blue) t&*«t5K, ±5£©gS«fr<=>tr-;/3 : -£ 

[0 0 3 8] HCiA°^->ffl7* hVA^ttE9tC*ti 
T*8T^t 1 x 3i#01r<XStl/. E30/^-> 
R«7t*->fl:« (1, 1) T?«J£U D3fl/N = ^->G 
*/t*->ffi« (1, 2) TML. GD£jA^->B£ 
/t*->ffi« (1, 3) T«iTr*. ft3tett«*.tfB9 

tr^giT-^-rj;-5icz:©7^ hv7.^£iSiSi*S7 7© 
ft^fiuzzmmtt-f-oi/? hL&rt*&frfon*. £©* 

7* r-VX^tt#ff©«i^S*«@7 7tC?U»-r^ 

[0 0 3 9] ^i mmmm<Dm^m^m\z <tntt\ w 

{h/1? — >R, G, Btt|iga©lHliV^->#i§iM£Lft 

ia ^ i:ffi^t>$ nxsitwgiti 7 7jc^j£$n 

3. ^tllriO, H*IIS7 7©0Dt£Vt?->R ( G, 
< 7t©^IC i ZW&(Dfaz < S £ £ e. lr[SMT-#-5. 

^e>ic. ztizwartf-yR, g, B©±«tagp, r 

^t3SflgB7 7 a©¥^e^^*iaiW«0 4^-g^-a: 
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[0 0 4 0] m 1 0 «0 9 tzm-tWihKi? — ><Dl&&it 

— >ffl7* hV7.^7«@ 1 0tCj3^T*^T^-r 3 X 3 

XK»l6t5/^->ffii (1. 1) . (2, 3) fccfc 
(3, 2) T«J£U DDi£b/'«3'->GS»fflB*** 

pxtafofc-r*/^— >&« (i, 2). (2, n £ 

.fctf (3, 3) TSSL. Hfl/^->B5:ffflIii 
«PXtC*f^1"^/^->fi[S (1, 3) . (2, 2) 

(3, i) TSijrra. «fttt«>uieii otc^ 

7* h-?X*tt#fT©**B*««7 7 {CUM-r^fttC 
[0 0 4 1] C«^^J(Cj;n«> MSitPXffl^ 

[0 0 4 2] £TF, *%9J<Dft3$]fiftgffil;:fli£¥Si& 

B 1 2 ttH 1 fcjSTH*#ifi©Wffi»ifi£* 
T. C <£>$t HfS^SBUB 1 2 ICtttT «k -5 Ic 7 l"f «« 
7 8, #ffl££8 2> £nSS«7 8i3j:Z>*8 2flflfcSE 
^f$n-5ffip D D« 8 5 0 1 1 £J:tfB 1 2 T- 

[0 0 4 3] 7HM7 8«iilfi6 0. 

7.tttcEM^n«.a?s©H^*S7 7, utie,i*ti 
mmn&7 7 nrr\z^xw.m.^n^w<D^^& 
^ftmizwmm^ y^-y^m^t^xum^n^w 

©IIK7>y7^ (TFT) SW. ftft0;££lft 6 2 

®.<Dmmmm7 7^mo^ms *tft»«8 
7 7 \z-ttfoLT't7j5fa\zmmiz&&m. m. ^ct^nr© 
fiE^n^.*feS8ot. *ei8 o^so^Bj^rfiim® 

8li. i«»l«i]fg8 1 £S5B2ft®l8 4 ttm-f 
-So ifefc, «7tS4 0^*e«8 OttiS^fflllC^^T 

mw&®L&&7 9iz&om-tc>nz>. ca>*aiisHKA 
a^gaT'«. ttjui 8 5 t>m$i<Dwmnm 7 7 \ztti 
?tmfcVTm®.owmmmpx\zmm2n> &wmm 

«PX*i2*CD^S3£^6 2 i2*<DPSfI^7 1 



(7) 

12 

^ss^6 2fre>mm2ti%jtE&/vvx\zf&gLTmm 

U #J6«^»7 1 7 7K#«&-r 

<5o SiS*«^7 7 tt*fj£{f 7 1 ©m<a£B3iS«& 
<t LTifcHJl 8 SOttfoWmm&PXizWjSaL. ZCDM 

mmfotMfamms 1 <Dm^Lt<Dm&.mz^^xmm 
$ n 5 a s <d & m h 5 > ->* x * 43 «t xs z. n s » is & t <t 

[0 0 4 4] 7K3HR7 8tC43UT> ^»Ih7>v 
X^SWli#ifI6 7t, i<D¥i#l6 7(75±*IC 

tt»bT»ricsn»«jfea»6 2K»i*an*y-h* 
«64t, y-hmffi6 4(ommiz^x^m^me 7 

tcn>^ir h*:-;U6 9, 7 0 £5>LTn ? h b*i 

£■$•£7 7*5«fc^js«^«7 1 t-f-n-enssas 

nSV-^fei^HK >fi6 6, 6 5tS#t4. 

20 o &-M^y-htAflUH6 i t«tosfcns. y-h« 

m&zn. z.<Df-v^mm& \±.xn^^.u& 2 1 
-wm\zMfo-znz>. n*>\zmk<ott$}®w&G 3#« 
*fr ©gi£*® 7 7 fc-tn-en««6£-r 5 i 5 cy- 

jgis 6 2 . *5«t^«t!j^»^ 6 3 «y- hmmm 6 1 1 
-«fcjipjwe»iii6 8fc«kofiton*. a>^h*- 

9, 7 0«y-h«ffi6 4 ©PWH*i^T¥*ft:g 
6 7|^{C^fiS;$n^V-X6 7 b*3«tUth*U-f >6 7 a 

it^fi£$n^)„ y-^WFH^MB'e, 6 5 

«cn?,=i>^i7 H^-;i/6 9, 7 0K*tiT**#IB 
6 7 0V-X6 7 b*3«tO*HK>6 7 a iC-etT-fnn 

hUTnri!Wfi»ii6 8±»c»ricsn*. v-xm 

S6 6»ir»1iil6 8±fIIV-Xti7 2 
WlC^fig^n. HH >«ffi6 5tt@P B 1Se&^6 8±T 

»*«^»7 i <t— frmztetfi-znzo y-7.m@6 

6. J6»V-X««7 2. >«®6 5, *5j;^ft 

^87 H2Iflifi6 8i-^H«SS6&H7 3lCfc 

40 rj«t>n-5. ci©««iait8S7 3«itaiv-x*a7 2 

J6^(«7 6tCJ:l9gt>n^o #flMettlR7 6 ««ffl«iBi 
K7 3<D3>^i7 hsjx— 4K*ra:L-Ci£BV— X« 
ffi7 2^gp^Wfc@|iJ-r^r]>^i7 hj}x-;i,7 5*WT 
•So lill7 7t4a>^i7 h/^-^? 4, 75d*3^ 
Tffiav-^««7 2fc3>^^ hLT#«lft»ll!t7 6 

±trjgf«sn, 6EftBi8 3ic«tast)n-5o 

[0 04 5] ffl§C©iS£flS 7 7 WottftSS 82»f, 
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6tt#*H3R*«PX©«fflt:*5t»T7>^AJCE«S 

HO<tptcge«$n^[H]gP7 6 ba»e»«j*sn4«j*© 
paci^^->**-r*. «r©h**« 7 7 ©as** 

117 7cH«itfI TO*5£*Siltt*mttllT* 

7;l/$x«7A, SliWiin&C^Oi^^ 
ffWKMR7 6©nWt*->K»r> 
Tffi7£<Dm2T'Mf&2tlZ>. &Iftl7 7 

KE«an*±5fc*r«ie»K7 6 <D*ak<D¥%wtihm 

7 6 aC±oT«ffi3n*IB»:0*3««i£b8P7 7 ai5<fc 
l>*cin^dbg67 7 a&fflA/TEHSna.fcSfcWWf&B: 
IS <£> 03 !5B 7 6 bfc«toT*5£Sn*IHW7 7 b*&ttft 
SnSHdb/l^ — >S:*-r*. ^©B* 7 7 ©CD 
fl^->ij;0 3l:A, BTft2t3STJbO, IDffl© 

±*affl*«J*U PflW 7 7 b ttX»3ttlC»T*M«a 

[oo4 6] ^tr, ±a*L&#js»£!«a*jKg«<B« 

[0 0 4 7] 7WM7 8«©igTtS. Kffijftjtf^^ 
«*5£«SjWlfi»*«6 0 ilTIl^n, ¥«#Jf 
6 7#0tJ*.tf7 ; E.H'7 7 7.->'J n>SrCVDfe/iii*tC«t 

0 5 0 nmS*©J*ST«*S«6 0±fcJ£«U 4 5 
0'CT*lB#W^7^-;PS:fTo/i^Xe C 1X^->VU- 
— !f £ JHttT 4 £ t (C J; 0 7 *E;W 7 7 7, > U 3 > Sr#^ 
f B yU3>ItUM a a p<bL. $ 6 'J =1 
>J8i£7;J- hXy^>7'ftTA7-x>7'T<5;i£:fCJ: 
DM^ft?.. Kfc^T. y-HB«S6l4»S10x4 
CVD&lCiD 1 0 0 nmiS©i$T*#*I6 7 i> 
<fctf«feH:*ffi6 0±KJtttT*£iKJ:0»JSSn*. 

hSffifcitfEH^T a, Cr, A I, Mo, W*5<J:tf 
S6^K6 UC4 0 0 nmgg©Jp£T-J£»U dtlS: 

MI 6 4 ^ VX^ t l/Tffl l-^fc-f t >ftA^"f 
*>K-lf>^ftT?#j»*Ji6 7ICK-7 p £n-3. 
Ttt. U W *>«««!AtfPH 3/H 2 OM«l:*k> 
TJjDi8«JI8 0 k e VT-»Pii$n, K— X15X10 

1 5atoms/cm2i:^5igiSS"CK-7'$tl-5. £©&. 

ia*ffl*«lh5>s?x^oHU'f >«S6 5. v-;*« 

166, £±tra»0B&JBN?- + *>l/»Bih7>S>** 



(8) 

/</ 

[0 0 4 8] «t»T. WHSHIhJ^^^SW. SB 

n^^i^l:l/yX bTgfrti. 0«J;L«#d>©J;7& 
^ttttMBMBBJIl P ^ f *;U»BS F5>yX 7 ©7"*- 

-1* * B 2 H 6 /H 2 ©*H«K*^TlBai« 

)I80k e VTjbDilSn, K-X15X 1 0 1 5 atoms/ 

LDD (LightlyDoped Drain) »ifi£T*&»©*«»a 

•fcOSttflsUTV— *6 7 b*£tf Fl"f >6 7a^| 

[0 0 4 9] HPIHMK6 8#0iJ*.fcfPECV 

Dft^ffl^TS i 0 2*5 0 0 nmgg©I$Ty- h 
tS64, ^S*S6 2, MtbMSi 6 3 . ^©ffi©ffi» 

-C¥i«:I6 7 ©7-7.6 7 b i3«fctf H l"f > 6 7a^ 

7 F^-;u6 9i5j;tf 7 o^^-r^. 

[0 0 5 0] Ta, Cr, A 1 , Mo, W, C 

u i'O WXlif ©«1I*^ W^^iAS 5 0 0 n 
mg«©ffSTHrAlft*«6 8±fc*«3n. 7*hX 
v5 1 >7*ffiTR»f«©^fC/^7-x>7'Sn. £nfc«fc 
Dfif»71. V-Xtl66. ffi»V-*««7 2, 

so [0 0 5 1] i^T, §l$6i!7 3^SiNx^PE 
CVDteT£neE«:fcJ:tfHraiie»l«6 8±H*Sfflf 
*ii:fc:J:t)»«Sn. n>77 h*-;i/7 4«(ffiff«& 
^7 357* hl7f>^ffiT'A?-->^T5Ci: 

[0 0 5 2] «^T, W*tf«3fcttttJIB#*««»Bl7 
6tlT««»*»7 3±IC2 /tmi«ClSTi«3 
tl. cn#a>77 h*-JU7 5ffi7* hV77£ffl<^ 
Tn>77 h*-;i/7 4tCjbf«t-^®HT-Hi5»W(c87 l c 

© R J£ jgftSB O CD OA 7 - >ffl 7 * h v 7, 7 * ffl l» 

xsftsns. z.z.x\ m{h/^-ymm%m\tmmm 
mm7 6izM&.2nz>n>?9 v-fr-)vm<Dm%m<D$i 

1 0 %~5 0 %tC^^n-5. IHr2i/17->ffl7^- hv 

>ASr/17->&S (1, 1) £J:tX (2, 2) T'M^ 
L, DD£i>'t7->B^/'17->©« (2, 1) *3j:I/ 
(1, 2) T«j£-r5. 
so [0 0 5 3] ttt»T, #fllieSUt 7 6 ^±^©^JtgP» 
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a43<tI>'IHgl5 7 6 bi3>^? h*-;i/7 5 

ttfftlR 7 6 KUBjST*. Z.VfrV%T'it&ffi 7 6a *5<fctf 

13957 6 b**«ftttT?**fc«). .7HSS7 8©»ffl 

a*««A«2 o o*c-e6 o^eftfTtona. cm:* 
[0054] atiriT. i t om<Dmi&&mn&m<7>rt 

•7^ffi(Cj:D 5 0 nmgft©»ST?#««*IR7 6±K 

>>3n, c:nirJ;Dia^mffi7 7(0llfii7 7 c £ 
^fiTfS. tt^T, Al, Ni, Cr, Mofc^Ag 

CiO 2 0 0 nmSKOffST*T*lfi»IB7 6±(C*f( 

$n. ia^«®7 7 ©ei*»*£jbjst*. h%««7 

7ttt£KV-X«*7 2K3>** hL*t«]&*tt6 3 
[0 0 5 5] «HT. «»©tttt*^-U-a«*SJ!8 5 

©«£ tft*3fsoM«**«-r*&»»cm«fB«fc» 

tcJ:0H«m@7 7iJJ:tf*r«»*lll7 6^I5i^l: 

[0056] mask 8 2©»an?»a, mw&x 

6n. B»fc£*$HRSl*fc»fiE 8 0 

7 9±fC»J«$n*. SHttttfimff 8 I T 
O^XA7^Sfffil8 0±K*t«-r<&ii:fc:«tD» 

ss^* l c n£ 7 tf y^^mrt z> z. t tc <t o n 

5. ft. S2frJH8 3i5j;tf8 4 ©5 1: >£%Hte, ilft 

&©iEiRitt!6*smc«*tf 7 o° ms^jajicffton 

7U-fS«7 8*«k^|*I*«8 2ttE|nlgt8 3*S 
£7*8 4<DW&Lmz-mt-£ftZ>° AftftifCfi. 7H 
S«7 8 43«fctf*H6]S«8 2ft<EftK8 3£J:tf 8 4£ 

^t>$n^)„ ttan8 5B7KIS7 8*3j;ix*n^a 

« 8 2 Mfc*t»T«*->-;U#TH3mfc«fi£A£M 

±)i<iz&ALm±-f2>z.tiz£K>nz>nz>. m«4o 

« C 5 bTffiHll 8 5 *«7 k-f ££ 7 8 43 J: *f|6]g« 

8 2IWK»»Snfc«»T. f6I80 ttiEttffll;:* 
kiTimMi(K7 9Kft5DttttSn*. *jg®lM 

[0057] %3&mmm<D*mmMmik&7iimw\z£ 
n«. s»fi3Wi»©ia**a7 7icj:t)«issn. & 
iiii7 7^oadi/i5'->A, b©-#£&^ 0 id 



(9) 

&i^«fc3K:ffi*£feSftTlSJSc©H*«S7 7\ZMf&2 
*P XOfrfc <ktf5iJ#l6]©ft* £&t>T£t>lcAft:«fc 

iti&H*««7 7©caei/^->A ) BT»as 
nz>%<D=f-&*±wthT^m\\z-tz>zttfT*zz>. 

Z.<Dtz#>, >Y 7 7. V*W£OZ£t& 

[0 0 5 8] ft, 0 3IC^-TA'^->iH^J«04, 0 5 

io [oo5 9] -A\z, ^mm<Dm4mmmm\z^^mm 

tt«Toz:t*l»iriT!B3|glfi»jBtlPl«k:fl!riESn 

-a. zcDfztb, mi 3\z *^tsb3 nffimmtmmtiffi 
[oo6o] zo^mmmmmm^mr-it, m&m<D 

ftgB©¥^ tr v p x ©s^£©«fiic 

20 ftftWtCte. SI*1I7 7(C7>^AtrBB 

m2nz>m%t<D&w>7 6 ao^try^siejis o© 

[0 0 6 1 ] nPi<DmM9,&7 7 . n + 1 ^JCDS^tt® 
7 7. *5<J:7>*n + 2 3aj©H*®S7 7 (dT, n = 

l, 2, 3, •••) It. #©*7-7-< ;u^tc-tn 
•en^L. «A«a»©flffl57 7 a*«*lI*ffl©jE1R 
3135 1 LT¥i^ tf -7 J- d red"? 9 KiEB S n* D3 
fi/^->R. «»©i&«7 7 a^H*ffl©£IR&« 

so /1*->G. *j«fctfS*©ia»7 7 a#»ii«©±| 
SLBB £ b Tf^ tf y 5 1 d b i ue T 7 > $ n^> BO 

0/~\^->BS:#T-5. G0OA^->R, G, B 

Gfla*«sBi*ie»aBtH«{fciij«affltu 

T«»©£!iaB7 7 a€HtyJ;^{CgEe$n-2). 

[0 0 6 2] cn&iP^ey^dred. d gre en. dblue 
ti*7-7^;p^fe©jSfiA^^st*@<, fsv— -y 
w ;i^^e©fefi a b»i3 < n. d re d> d 

green>d b iue^^5S^<*:^-5. m$f75: 

40 it. w©is^®^tci5iiT-?-n-?-*n©^ftAt'M*& 

[0 0 6 3] ^ClC^ttaiCDtiTH 1 7 tC^T «fc 5 \Z 

mm<D w d/i ^ - >&±wmmm \z s ti st*©s 
ws^s^gatBi 3{c^-r^4^jg^si©*sii 

o\z. m\2,\m \ 7 \z7ttiv\\\-m\m\zft-otzft 

C*-rXIX-XIX»IC»ofc*«B*«««DWiBT©3t» 
so 01 8*i^01 9 T'Ji. n i#£^<P 
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is 

[0 0 6 4] 
[|Sc2] 



sin A» = sin 9 t cos2 ft + sin2 <9, ^ (£f-)*- sin'ft 



[0 0 6 5] ££T\ *S»»©JBiff*n 2 tt-*i:fi 

f *fefiK»3tOUiS*ftS 0 4 ( r e d) > #^ 
#ft<Dffi»£Sr0 4 (b 1 u e) iTS£. nn&tte 
4(red)>04(blu e) i^SHflUcfc*. fto 

t, hi 7K*r«*©RS*a!«aa*s«©j:5Jca 

[0 0 6 6] CtUCttU Bl 3\Z*-T&4mffiMWi<D 
^mj&MWUk&fH&m-Vli. WChrt*->R, G, B# 20 

m. %>£tfitm(DwmmMPX(Dmmw.M7 1 \zt 
n^nm^n, w&nz-yR, g, B©±»a»o 

fej;7>*#©iSfiAfcfti¥-r§. 0 1 3 tc^-r vi 

I-VIIi»k:»ofcgSfflH*ffl«©WrffiTOJt«tt*ttH 
7 C«*\fc3Ctti), 01 3lCjjVrVIII-VIII*|K:»o 
fc#fflH*<B*OWriS-p03t««i*ttH 8 H^Tck 5 \Z 
&*. 0 7£cttf0 8T*«:. ni*^©Ijr$. n 

2 tfft&tt&QJSft*. 0 1 3»«n«* zmshm 8 5 

«@7 7»c|6]*^Ai*7t©tBStft, 0 3*«*¥SK:*rr 

mis 5©tt«Kfta>5Ki*3fc©wstft£*ft-?n* 

t. figK7 7 a©tf-y^liH7(Ci3UT08{C^-rbf-> 
^•tOfefilri. db«7 7 a 7 bO!9filStt±SE 

7 7 0 3 (Dm±m^'i^ < m 
^Tts. -f&b^, mmnm7 7<Dm%e 3 £tzz>¥ 

y^£S£Kfi< LTI$fl7 7(D«^0 3 ' 

«#0 3 fect^03' «0 3 ' <fl3tt^«« 40 
(Cft*. C-T*, gMM©ta«ft0 4(red) = * 
fep£»7t<Dti5^^0 4 (blue) fc£*«fc3K. -tit 

©haws ey^s**fi«fcajrr mmm 
nic^o. £iwe<Dfr3#a«*jiJi8 sicsltm^ 

& & £ff 5 H t frT' Z Z o 

[0067] w&rtz-ym?* v^7,^\m2^mm 
mTm ^tzm 9 \z ^T^mx-^-r 1 x 3 wmw-i x 

^tL, C3Ci/^->RS:/t^->firB (1, 1 ) T'S so 



J£U DW^-^G^/^-XiB (1, 2) T£t£ 
L. [Sdb^->B£/^->{iB (1, 3) Ttafct 

X£ 7 7 Off TjfoK 3 jU*^-fo->7 h 

#SfTfc>ft<&. 7* h"?7;^teS-ff©ft*liii 

sum® 7 7 c£Uit-rs«icBSMMi 7 7 ©*i#ifi]fc: i a 

[0 0 6 8] $4£%ffim®¥3&$!jfca$^£B£J: 

a*»&n*>. r&*>s. ihoa^-^r, g, bhiwis 

#£LT*«fliji;:f*;ii!&«T€rs. fox, ja#&3 
< ziz&MTZz. $e>«r, ^n6D3Ci/^-> 

R, G, B©£«a«. -T^t)-fe0^7 7 aOT^tfy 

4. 

[oo6 9] Dm, 09ir*-riHa/t^->©ffl*^-& 
zm&T~b±&0m4mmMmtmm<D%)%:$:n%z\t 

[0 0 7 0] *3fiWtt±iEOl8ifi»»lCl83tSn 
[0 0 7 1 ] 09Atf^3HffiJgli<D#SJ§®«7 7 ctt 

hi 4i5ckrjt0i 5 ic^-r <fc o izmmm&m 7 6<dw& 

rt?->£&ftMzm<-rz\t\Zj:Q¥-iB\ZMtfLVTh 
<kn. $^1C, SB4^Jt»*0¥»iaiB«7 7 ctt>t»' 
Tfcl^flllCLTSl 6 \Z7jk?£?\Z¥-mzl,Tb&^. 

[0072] 9ni^tn4mi&f»m<Dmmmkm7 6« 

n^> £ ^fi£ ^ n-5ffls<DDaei - > * *r lt t> 
in. ^cDS^, §itig7 7««(t;ia*ffl^PX(o 
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6 ©«»©¥smke]«h;:j: o t«s £ n-s>«3&©«i* 

»W©Ci»KJ:oT«)£Sn*ia«5A»6«l<36Sn*l!fli!]i 

^^->*#r*^tt)4*. tot, #i@**^7 7 

[0 0 7 3] £7c, &IIh7>y^^SW©ffftI 
6 7«#>J->U:J>Tl8j££nfcj&*, 7^:7 7 7. ->U 

[0 0 7 4] *&3te© ; F#**£fliJK , r*£ttT 
[0 0 7 5] 

[0ffi©femf«cift^] 

[HI] *f^©mili6»J»fc«*Rttffitt»*jSg 

[02] Hl£*Tri-II«l:ttofcH*ttffi©WriB* 30 
}g£*T0T&&. 
[0 3] B 1 C*t«»OI*tIl:MSn5lWI 

•So 

[04] H3{C*-TlHICi^^->Offl*^t)**J:^B 
51J©!6 1 *»«*^-THT**. 
[0 5] H3K*TlHli!b/^->©«*£fe-&:feJ:tfE 
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[0 6] *%«©£2£tt&ffik:ffS&3*£!ttA&*& 

[0 7] 0 6 K^-rVII-VII»K»ofc*ffllB*«*© 

[0 8] B6£*rviII-VIII*Mc»ofc*fflB*«* 
©*riBT©7t»0i»£jKTBT?a*. 
[0 9] B6fc*-r«»©H**«lC»j££n*«R« 

© eg ci/n-^ - > ©ft*^ t>-& * «t xmm & m* at* 
-5. 

[010] 09 \Z7ji-?wehrt?-><DtB.fr'&t)1Z&£tf 

[011] *mmm3mmMm\z&z>*mj&mm&!& 

[012] 01 1 fcjjmiI-XII«IC»ofcH*ttift© 

[013] *^^©^4H»§gtr^5*^^?g B ia 
*&M©^#W&¥B#ti££*-f0-e&-5. 

[0 1 4 ] 0 1 1 {c^-r^Sjan^a^sB©^^ 

.©¥ffi«ifi£*-rBT**. 
[015] 014 K*-rXV-XV»H»ofcB*ftifi©»f 

[016] 013 JC*-r*SiBS!«a«*S«©SE»«l 
©¥®«i££*T0T&<2>. 

[017] Se*©SW^H*^SS©gB»W^¥ffi«! 
jg£^-r0T&3„ 

[018] 01 7 \z7jitxmi-mimizft-Drzmmw 

[019] 01 7lC*-rXIX-XIX»K:»ofc#ffliiI*« 
^©$rfflT©ft«Mi»ll$£^TBT&-S> t , 

[ft^©IftW] 

7 6 

7 7-I$fI (EltS) 
7 7 a-fl« (±*a») 
7 7 b-B3« (BJffcSLgB) 

7 8-7l"f X« 

8 2-ttffl£S 
8 5 -ttftfl 
PX-HHM 
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